CHAPTER 1 _ 

REDEFINING MAINTENANCE- 
DELIVERING RELIABILITY 


Scott Franklin 

Senior V.P., Life Cycle Engineering, Inc., Charleston, S.C. 


In today’s competitive environment business sustainability requires manufacturers to capitalize on 
every possible advantage. Companies often pursue lean manufacturing as a means for gaining com¬ 
petitive advantage. Similarly, numerous firms drive initiatives to attain excellence in maintenance 
and reliability. Unfortunately, few companies address the significant synergies of lean and mainte¬ 
nance excellence that the power of the combination of lean manufacturing and lean maintenance. 
The concepts presented here are not just theory. They have been proven through more than 300 main¬ 
tenance step-change efforts in more that 300 Fortune 500 companies and lean implementations in the 
automotive, consumer products, foods, chemicals, pharmaceuticals, and power generation industries. 
They represent learnings front more than 25 million hours of experience annually in facility opera¬ 
tions, maintenance, and technical support. 

The three most common metrics for asset performance are RoNA, RoCE, and EVA: 

• Return on Net Assets (RoNA) is the earnings before interest and taxes (EBIT) divided by asset 
book value. RoNA is closely linked to share value for heavy industry corporations 

• Return on Capital Employed (RoCE) can be calculated in several ways. A good method used by 
some Fortune 100 companies for new facilities is Net Present Value (NPV) divided by the initial 
facility investment 

• Many other successful companies use Economic Value Added (EVA), which discounts all related 
asset cash flow. Figure 1.1 illustrates the primary elements of asset performance. For step changes 
in asset performance, we need to focus on assets, people, materials, working capital, and capital 
investment. Too often, companies try to drive these elements by headcount and budget reductions. 
This rarely generates sustainable asset performance improvements. Rather than demand financial 
improvements, cut heads, and let those who remain figure out how to proceed, proper step change 
is about finding work process improvements to drive improved results and financials. 

The best approach we have found is to focus on lean, maintenance and reliability improvements 
simultaneously. Simply put, we must stabilize production processes through equipment and process 
reliability while we challenge work-in-process, raw materials, and finished goods buffers. By apply¬ 
ing lean tools to maintenance, we enhance the synergies achieved by integrating lean. 

Every manufacturing facility wants production systems and equipment to operate and be oper¬ 
ated in a reliable fashion. When the equipment does what it needs to do when it needs to do it, 
plant output and profitability is maximized. No organization wants its production systems or 
processes to break down, to produce poor quality products, or to operate inefficiently. We want 
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FIGURE 1.1 Primary Elements of Performance. 


them to operate perfectly. Unfortunately, we do not live in an ideal world; no physical asset oper¬ 
ates flawlessly forever. In most organizations, breakdowns are the norm. Quality and productivity 
losses are high. Scheduled shipments are missed. Since the majority of these deficiencies are man¬ 
ifest as equipment-related problems, for example, breakdowns or maintenance-related corrective 
actions, maintenance is too often blamed for all problems that plague most plants, facilities, and 
corporations. In truth, the reasons for these inherent problems are shared by all functional groups. 

The only time anyone pays attention to maintenance is when production demands that they “get 
it running again, and quickly!” The majority of work is done on a reactive basis. Performing sus¬ 
taining levels of maintenance is a fundamental requirement of long-term survivability of all plants. 
Ignoring this requirement is a guarantee that the plant will incur unacceptably, ever-increasing 
higher operating cost that will assure the loss of the ability to compete in today’s world market. 

The role of maintenance must change to support the growing worldwide competition. It can no 
longer limit its role to immediate reaction to emergencies and overpower problems with more bod¬ 
ies and excessive overtime. There is a better way. If the right systems, infrastructure, processes, 
and procedures are in place and consistently executed well, losses can be minimized; the opera¬ 
tion will become stable; production output will be maximized; and consistently high product qual¬ 
ity will become the norm. We call this a state of maintenance excellence. Maintenance excellence is 
a subset of reliability excellence and redefines the traditional roles and responsibilities, as well as 
the maintenance processes that are necessary to assure asset reliability, maximum asset useful life 
and best life cycle asset cost. Under the reliability excellence umbrella the maintenance function 
becomes an equal partner within the corporation’s operation. It is run like any other for-profit business 
and expected to meet its critical contribution to a fully integrated plant organization. 

Achieving high reliability in manufacturing and maintenance operations minimizes waste, max¬ 
imizes output, as well as minimizes cost. It allows us to get the most out of the assets we have. By 
redefining the role of maintenance as part of a total plant reliability program provides the infra¬ 
structure, processes, and employee involvement that result in improved throughput and lower total 
cost of goods sold (COG). Specifically, changes such as lower production unit cost, reduced main¬ 
tenance cost, better process stability, and the like. 
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LOWER PRODUCTION UNIT COST 


Production unit cost is one of the most critical variables impacting an organization's profitability. It 
is calculated simply as the sum of all manufacturing cost divided by the production volume. 
Improved asset reliability impacts production unit costs in two ways—by reducing the numerator 
and by increasing the denominator. 

Ensuring that resources such as labor, materials, energy, and fixed costs are used efficiently min¬ 
imizes expenses. While a major component of these costs is fixed, increasing throughput will 
decrease the unit cost of production. Base labor cost will remain constant even when production 
throughput is increased; incremental cost for materials and energy is also reduced as volume 
increases. 

Eliminating losses as described above ensures that production volume is maximized. Even if 
the additional volume is not needed to support the business, eliminating losses enables an organi¬ 
zation to reduce the operating schedule or reduce the production asset base, which further reduces 
fixed cost. 


REDUCED MAINTENANCE COSTS 


Improved reliability results in lower maintenance costs. If the assets are not breaking down, a greater 
percentage of maintenance work can be performed in a planned and scheduled manner, which 
enables the workforce to be at least twice as efficient. Reducing these losses will also result in 
requirement of 

• Fewer spare parts 

• Less overtime 

• Fewer contractors 

All of these result in significant reductions in maintenance spending. It is not unusual for orga¬ 
nizations to experience as much as a 50 percent reduction in maintenance cost as a result of moving 
from a reactive style of management to a proactive approach. 


BETTER PROCESS STABILITY 


Equipment breakdowns inevitably result in process upsets. It is difficult to have a stable, optimized 
process when the production equipment is constantly failing. This inevitably results in problems with 
final product quality. When reliability is improved, process variability is reduced, and statistical 
process capability (CpK) is increased. This results in the capability to have a more stable, predictable 
manufacturing process. 


EXTENDED EQUIPMENT LIFE 


Many organizations spend an excessive amount of capital funds to replace equipment that failed far 
earlier than it should have. If routine maintenance is continually deferred due to production demands 
or resource limitations, the organization is in fact mortgaging the future value of the asset—taking 
the capital value from the future and spending it today. The end result is a wasted asset that must be 
replaced. The financial result is excessive write-off expenses and a requirement for a constant infu¬ 
sion of new capital. 
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Organizations that place a priority on reliability recognize that newer is not necessarily better, and 
that a small amount of investment in routine care can pay big dividends in extended equipment life. 
This frees up capital to be used for more productive purposes, such as expansion or to implement 
new technology. 


REDUCED MAINTENANCE SPARE PARTS INVENTORY 


All organizations require some level of spare parts inventory to ensure the right parts will be available 
when needed. Reactive organizations typically find themselves carrying a large quantity of inventory 
because they cannot predict when the parts will be needed. This ties up working capital and results in 
excessive carrying costs. Organizations that take a proactive approach to reliability place a high value 
in knowing the condition of their assets. The need for parts is much more predictable. There are fewer 
“surprises”; more parts can be purchased on a just-in-time basis. Since the volume of inventory required 
is based to a large degree on usage, the fewer parts we use, the fewer we need to keep on hand. 


REDUCED OVERTIME 


Reactive organizations can never predict when a critical equipment failure will occur. Murphy’s law 
typically applies; it will invariably happen at the most inconvenient time and will require craft 
resources to be called into the facility to correct the problem. To counter this reality, most reactive 
organizations have a large percentage of the maintenance workforce spread across all operating shifts 
“just in case” a failure occurs. In this situation, the equipment is in control, not management. Large 
amounts of overtime are experienced. In organizations that focus on reliability, breakdowns are much 
less common. A larger percentage of craft resources are on day shift where adequate staff supports 
is available to increase their productivity. Fewer resources are waiting for breakdowns to occur 
because equipment condition is known and early warning signs of distress are heeded. 


OTHER BENEFITS 


In addition to the reduced cost and increased throughput, for example, capacity, reliability excellence 
provides other benefits that improve the overall performance of the plant. 

Improved Sense of Employee Ownership 

In most reactive organizations, employees don’t exhibit a sense of pride in the workplace. The high 
frequency of equipment failures demands that more attention is paid to making repairs and managing 
the consequences of equipment failures than to routine preventive maintenance and housekeeping. 
Dirt and contamination is widespread; little attention is paid to cleanliness. In proactive organizations, 
however, it is realized that basic equipment care is one of the most critical elements affecting equip¬ 
ment reliability. Emphasis is placed on routine cleaning, inspection for deteriorating conditions, and 
basic lubrication. In most cases, this is done by the personnel operating the equipment and is a fun¬ 
damental job expectation. As they take an interest in the condition of equipment, they tend to develop 
a sense of ownership—in the appearance of the equipment and its operating performance. 

Improved Employee Safety 


Several studies have indicated that asset reliability and employee safety are closely correlated. When 
the operations are unstable as in a breakdown environment, employees are often placed in awkward 
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situations. They often take shortcuts in an effort to get the plant back up and running, which increases 
the likelihood of an injury. In a culture that values reliability, however, these situations are mini¬ 
mized. Additionally, the same behaviors that result in improved reliability—the discipline to follow 
procedures, attention to detail, and the perseverance needed to find the root causes of problems— 
result in improved employee safety. 

Reduced Risk of Environmental Issues 

Equipment failures in many chemical processes can result in releases of hazardous substances to the 
environment. If we improve equipment reliability, we reduce the risk of environmental releases. In 
fact, a specific requirement of the OSHA 1901.119 Process Safety statute is that the mechanical 
integrity of equipment containing hazardous chemical substances must be maintained. Even if the 
facility is not required to meet the Process Safety statute, there still may be equipment covered by 
state and local environmental permits. In all cases, the same systems and procedures that protect the 
reliability of production equipment will protect permitted equipment as well, greatly reducing the 
risk environmental releases. 


CONTINUOUS IMPROVEMENT 


No organization can afford to accept its current level of performance or competitive pressures will 
eventually drive it out of business. An organization must continue to improve. One key element of 
reliability excellence is an organizational focus on continuous improvement. A great degree of 
emphasis is placed on systems that provide data on current performance, and the analysis of that data 
is highly valued. 

The bottom line is simply this. Maintenance can no longer be a reactive, fix it when it breaks anchor 
that prevents plants from achieving their full potential. Instead, maintenance must become an active 
member of the plant team with its total focus on life cycle asset management and optimum reliability. 


SELF-DIRECTED WORK TEAMS: A COMPETITIVE ADVANTAGE 


An increasing number of companies are adopting the Toyota Production System (lean manufactur¬ 
ing) and are involving their employees in the daily operations and management through StarPoint 
teams. These teams are empowered to design how work will be done and to take corrective actions to 
resolve day-to-day problems. Team members have free, direct access to information that allows them 
to plan, control, and improve their operations. In short, employees that comprise work teams manage 
themselves. 

Self-directed work teams represent an approach to organizational design that goes beyond quality 
circles or problem-solving teams. These teams are natural work groups that work together to perform 
a function or produce a product or service. For example, a team would consist of all operators, main¬ 
tenance crafts, and support personnel on a given shift that are assigned to a specific production unit 
or manufacturing job. Each team would have team members, StarPoint, would have the responsibil¬ 
ity of coordinating the actions of the team with similar teams or other teams on the same shift and 
other shifts. These teams not only do the work but also take responsibility for the management of 
that work—a function that was formerly performed by supervisors and managers. 

Why is this concept of self-directed teams growing? The reasons vary from a corporation’s mis¬ 
directed effort to reduce salaried headcount, to genuine efforts to empower the workforce. The real 
answer is simple, effective use of self-directed work teams have results in 

• Improved quality, productivity, and service 

• Greater flexibility 



1,8 


ORGANIZATION AND MANAGEMENT OF THE MAINTENANCE FUNCTION 


• Reduced operating costs 

• Faster response to technological change 

• Fewer, simpler job classifications 

• Better response to workers’ values 

• Increased employee commitment to the organization 

• Ability to attract and retain the best people 

The employees on the floor, for example, operators, maintainers, and others, understand the prob¬ 
lems that limit productivity. Given a chance, they can resolve these issues and radically improve 
plant performance. 

The major challenges organizations face in changing from a traditional environment to a high- 
involvement environment include developing the teams and fostering a culture of management sup¬ 
port. Teams go through several stages of increasing involvement on their way to self-management. 
This journey can take between 2 and 5 years, and is never-ending from a learning and renewal per¬ 
spective. Comprehensive training is also critical to developing effective self-directed work teams. 
The training for these teams must be more comprehensive than for other types of teams. Not only 
must employees learn to work effectively in teams and develop skills in problem solving and decision¬ 
making, they also must learn basic management skills so they can manage their own processes. 
Additionally, people must be cross-trained in every team member’s job. Therefore, it is not uncom¬ 
mon for self-directed work teams to spend 20 percent of their time in ongoing training. 

The transition from traditional organizational structures to self-directed work teams is not easy. 
One of the biggest problems is the reeducation of the front-line supervisors and middle managers. 
Front-line and middle management can either enable or stifle employee involvement, empowerment 
and self-directed work teams. Therefore, it is important to elicit management’s active support in 
these efforts. Management also must be involved in the transition. The pragmatic, day-to-day skills 
in managerial functions that the team will assume currently reside in the supervisors and managers. 
They need to learn to guide the work group in its transition, development, and empowerment. They 
need to learn when to hold on and when to let go. This requires planning, training, facilitating, and 
team-building skills. Supervisors should also learn to provide ongoing coaching support, linking the 
team's role with the rest of the organization. 

Upper management also has a vital role to play in the implementation of self-directed work 
teams. Senior managers need to strongly champion and sponsor the teams and the process. This com¬ 
mitment must be constantly visible and ongoing. It also should be reinforced with sufficient 
resources, including time. Last, management must exhibit patience and tolerance because the transi¬ 
tion will take time, and delays and mistakes will occur. 

The self-directed work team concept is not for everyone. Some corporations simply cannot lose 
the traditional salaried-hourly mentality that has for so long restricted our ability to compete on the 
world market. For these corporations, survival may be short-term. For others who are willing to 
embrace new ideas and new ways of doing business, the future is bright. Try empowering your work¬ 
force. I think you'll like the results. 



CHAPTER 2 _ 

INTRODUCTION TO THE THEORY 
AND PRACTICE OF MAINTENANCE 


R. Keith Mobley 

Principal, Life Cycle Engineering, Inc., Charleston, S.C. 


As with any discipline built upon the foundations of science and technology, the study of mainte¬ 
nance begins with a definition of maintenance. Because so many misconceptions about this defini¬ 
tion exist, a portion of it must be presented in negative terms. So deeply, in fact, are many of these 
misconceptions rooted in the minds of management and even more so in the minds of many main¬ 
tenance practitioners that perhaps the negatives should be given first attention. 

Maintenance is not merely preventive maintenance, although this aspect is an important ingredi¬ 
ent. Maintenance is not lubrication, although lubrication is one of its primary functions. Nor is main¬ 
tenance simply a frenetic rush to repair a broken machine part or a building segment, although this 
is more often than not the dominant maintenance activity. 

In a more positive vein, maintenance is a science since its execution relies, sooner or later, on most or 
all of the sciences. It is an art because seemingly identical problems regularly demand and receive vary¬ 
ing approaches and actions and because some managers, supervisors, and maintenance technicians 
display greater aptitude for it than others show or even attain. It is above all a philosophy because it is a 
discipline that can be applied intensively, modestly, or not at all, depending upon a wide range of vari¬ 
ables that frequently transcend more immediate and obvious solutions. Moreover, maintenance is a phi¬ 
losophy because it must be as carefully fitted to the operation or organization it serves as a fine suit of 
clothes is fitted to its wearer and because the way it is viewed by its executors will shape its effectiveness. 

Admitting this to be true, why must this science-art-philosophy be assigned—in manufacturing, power 
production, or service facilities—to one specific, all-encompassing maintenance department? Why is it 
essential to organize and administer the maintenance function in the same manner as other areas are han¬ 
dled? This chapter will endeavor to answer these questions. This handbook will develop the general rules 
and basic philosophies required to establish a sound maintenance engineering organization. And, it will also 
supply background on the key sciences and technologies that underlie the practice of maintenance. 

Let us, however, begin by looking at how the maintenance function is to be transformed into an 
operation in terms of its scope and organization, bearing in mind its reason for being—solving the 
day-to-day problems inherent in keeping the physical facility (plant, machinery, buildings, services) 
in good operating order. In effect, what must the maintenance function do? 


SCOPE OF RESPONSIBILITIES 


Unique though actual maintenance practice may be to a specific facility, a specific industry, and a 
specific set of problems and traditions, it is still possible to group activities and responsibilities 
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into two general classifications: primary functions that demand daily work by the maintenance 
function and secondary ones assigned to the function for reasons of expediency, know-how, or 
precedent. 


Primary Functions 

Maintenance of Existing Plant Equipment. This activity represents the physical reason for the 
existence of the maintenance professional. Responsibility here is simply to make necessary repairs 
to production machinery quickly and economically and to anticipate these repairs and employ pre¬ 
ventive maintenance where possible to prevent them. For this, a staff of skilled engineers, planners, 
and technicians who are capable of performing the work must be trained, motivated, and constantly 
retained to assure that adequate skills are available to perform effective maintenance. 

Maintenance of Existing Plant Buildings and Grounds. The repairs to buildings and to the exter¬ 
nal property of any plant—roads, railroad tracks, in-plant sewer systems, and water supply facilities— 
are among the duties generally assigned to the maintenance engineering group. Additional aspects of 
buildings and grounds maintenance may be included in this area of responsibility. Janitorial services 
may be separated and handled by another section. A plant with an extensive office facility and a major 
building-maintenance program may assign this coverage to a special team. In plants where many of 
the buildings are dispersed, the care and maintenance of this large amount of land may warrant a spe¬ 
cial organization. 

Repairs and minor alterations to buildings—roofing, painting, glass replacement—or the unique 
craft skills required to service electrical or plumbing systems or the like are most logically the 
purview of maintenance engineering personnel. Road repairs and the maintenance of tracks and 
switches, fences, or outlying structures may also be so assigned. 

It is important to isolate cost records for general cleanup from routine maintenance and repair so 
that management will have a true picture of the true expense required to maintain the plant and its 
equipment. 

Equipment Inspection and Lubrication. Traditionally, all equipment inspections and lubrication 
has been assigned to the maintenance organization or function. While inspections that require spe¬ 
cial tools or partial disassembly of equipment must be retained within the maintenance function, 
the use of trained operators or production personnel in this critical task will provide more effective 
use of plant personnel. The same is true of lubrication. Because of their proximity to the produc¬ 
tion systems, operators are ideally suited for routine lubrication tasks. 

Utilities Generation and Distribution. In any plant generating its own electricity and providing its 
own process steam, the powerhouse assumes the functions of a small public utilities company and 
may justify an operating department of its own. However, this activity logically falls within the realm 
of maintenance engineering. It can be administered either as a separate function or as part of some 
other function, depending on management’s requirements. 

Alterations and New Installations. Three factors generally determine to what extent this area 
involves the maintenance department: plant size, multiplant company size, company policy. 

In a small plant of a one-plant company, this type of work may be handled by outside contrac¬ 
tors. But its administration and that of the maintenance force should be under the same management. 
In a small plant within a multiplant company, the majority of new installations and major alterations 
may be performed by a company-wide central engineering department. In a large plant a separate 
organization should handle the major portion of this work. 

Where installations and alterations are handled outside the maintenance engineering depart¬ 
ment, the company must allow flexibility between corporate and plant engineering groups. It would 
be self-defeating for all new work to be handled by an agency separated from maintenance policies 
and management. 
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Secondary Functions 

Storeskeeping. In most plants it is essential to differentiate between mechanical stores and general 
stores. The administration of mechanical stores normally falls within the maintenance engineering 
group’s area because of the close relationship of this activity with other maintenance operations. 

Plant Protection. This category usually includes two distinct subgroups: guards or watchmen; fire- 
control squads. Incorporation of these functions with maintenance engineering is generally common 
practice. The inclusion of the fire-control group is important since its members are almost always 
drawn from the craft elements. 

Waste Disposal. This function and that of yard maintenance are usually combined as specific 
assignments of the maintenance department. 

Salvage. If a large part of plant activity concerns offgrade products, a special salvage unit should 
be set up. But if salvage involves mechanical equipment, such as scrap lumber, paper, containers, and 
so on, it should be assigned to maintenance. 

Insurance Administration. This category includes claims, process equipment and pressure-vessel 
inspection, liaison with underwriters’ representatives, and the handling of insurance recommenda¬ 
tions. These functions are normally included with maintenance since it is here that most of the infor¬ 
mation will originate. 

Other Services. The maintenance engineering department often seems to be a catchall for many 
other odd activities that no other single department can or wants to handle. But care must be taken 
not to dilute the primary responsibilities of maintenance with these secondary services. 

Whatever responsibilities are assigned to the maintenance engineering department, it is important 
that they be clearly defined and that the limits of authority and responsibility be established and 
agreed upon by all concerned. 


ORGANIZATION 


Maintenance, as noted, must be carefully tailored to suit existing technical, geographical, and per¬ 
sonnel situations. Basic organizational rules do exist, however. Moreover, there are some general 
rules covering specific conditions that govern how the maintenance engineering department is to be 
structured. It is essential that this structure does not contain within itself the seeds of bureaucratic 
restriction nor permit empire building within the plant organization. 

It is equally essential that some recognized, formally established relationship exists to lay out 
firm lines of authority, responsibility, and accountability. Such an organization, laced with universal 
truths, trimmed to fit local situations, and staffed with people who interact positively and with a 
strong spirit of cooperation, is the one which is most likely to succeed. 

Begin the organizational review by making certain that the following basic concepts of manage¬ 
ment theory already exist or are implemented at the outset. 

1. Establish reasonably clear division of authority with minimal overlap. Authority can be divided 
functionally, geographically, or on the basis of expediency; or it can rest on some combination of all 
three. But there must always be a clear definition of the line of demarcation to avoid the confusion 
and conflict that can result from overlapping authority, especially in the case of staff assistants. 

2. Keep vertical lines of authority and responsibility as short as possible. Stacking layers of inter¬ 
mediate supervision, or the overapplication of specialized functional staff aides, must be mini¬ 
mized. When such practices are felt to be essential, it is imperative that especially clear divisions 
of duties are established. 
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3. Maintain an optimum number of people reporting to one individual. Good organizations limit the num¬ 
ber of people reporting to a single supervisor to between three and six. There are, of course, many fac¬ 
tors which can affect this limitation and which depend upon how much actual supervision is required. 
When a fairly small amount is required, one man can direct the activities of twelve or more individuals. 

The foregoing basic concepts apply across the board in any type of organization. Especially in 
maintenance, local factors can play an important role in the organization and in how it can be 
expected to function. 

1. Type of operation. Maintenance may be predominant in a single area—buildings, machine tools, 
process equipment, piping, or electrical elements—and this will affect the character of the orga¬ 
nization and the supervision required. 

2. Continuity of operations. Wdiether an operation is a 5-day, single-shift one or, say, a 7-day, three- 
shift one makes a considerable difference in how the maintenance engineering department is to 
be structured and in the number of personnel to be included. 

3. Geographical situation. The maintenance that works in a compact plant will vary from that in one 
that is dispersed through several buildings and over a large area. The latter often leads to area 
shops and additional layers of intermediate supervision at local centers. 

4. Size of plant. As with the geographical considerations above, the actual plant size will dictate the 
number of maintenance employees needed and the amount of supervision for this number. Many 
more subdivisions in both line and staff can be justified, since this overhead can be distributed 
over more departments. 

5. Scope of the plant maintenance department. This scope is a direct function of management policy. 
Inclusion of responsibility for a number of secondary functions means additional manpower and 
supervision. 

6. Workforce level of training and reliability. This highly variable characteristic has a strong impact 
on maintenance organization because it dictates how much work can be done and how well it can 
be performed. In industries where sophisticated equipment predominates, with high wear or fail¬ 
ure incidence, more mechanics and more supervisors are going to be required. 

These factors are essential in developing a sound maintenance department organization. It is often 
necessary to compromise in some areas so that the results will yield an orderly operation at the 
beginning yet retain sufficient flexibility for future modification as need indicates. 


Lines of Reporting for Maintenance 

Many feel that a maintenance department functions best when it reports directly to top management. 
This is similar in concept to the philosophy of having departments with umpire-like functions report¬ 
ing impartially to overall management rather than to the departments being serviced. This indepen¬ 
dence proves necessary to achieve objectivity in the performance of the maintenance engineering 
function. However, in many plants the level of reporting for the individual in charge of the mainte¬ 
nance engineering group has little or no bearing on effectiveness. 

If maintenance supervision considers itself part of production and its performance is evaluated in 
this light, it should report to the authority responsible for plant operations. The need for sharply defined 
authority is often overemphasized for service or staff groups. Performance based on the use of author¬ 
ity alone is not and cannot be as effective as that based on cooperative efforts. 

Certainly it is not practical to permit maintenance engineering to report to someone without full 
authority over most of the operations that must be served by it. The lack of such authority is most 
troublesome in assigning priorities for work performance. 

Maintenance engineering should report to a level that is responsible for the plant groups which it 
serves—plant manager, production superintendent, or manager of manufacturing—depending on the 
organization. The need to report to higher management or through a central engineering department 
should not exist so long as proper intraplant relationships have been established. 
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Specialized Personnel in the Maintenance Organization 

Technically Trained Engineers. Some believe that engineers should be utilized only where the 
maximum advantage is taken of professional training and experience and that these individuals 
should not be asked to handle supervisory duties. Others feel that technical personnel must be devel¬ 
oped from the line in order to be effective and that the functions of professional engineering and craft 
supervision must somehow be combined. Both views are valid. The former arrangement favors: 

1. Maximum utilization of the engineer’s technical background. 

2. Maintaining a professional approach to maintenance problems. 

3. Greater probability that long-range thinking will be applied, that is, less concern with breakdowns 
and more with how they can be prevented in the future. 

4. Better means of dealing with craftpersons' problems by interposing a level of up-from-the ranks 
supervision between them and the engineer. 

5. The development of nontechnical individuals for positions of higher responsibility. 

Combining engineering and supervisory skills assures: 

1. Rapid maturing of newly graduated personnel through close association with craftpersons' problems. 

2. Increasingly expeditious work performance through shorter lines of communication. 

3. Possible reduction in the supervisory organization or an increase in supervision density. 

4. An early introduction into the art of handling personnel, making them more adaptable to all levels 
of plant supervision. 

5. Less resistance to new ideas. 


Staff Specialists. The use and number of staff specialists—electrical engineers, instrument engi¬ 
neers, metallurgists—depends on availability, need for specialization, and the economics of a con¬ 
sulting service’s cost compared to that of employing staff experts. 

Clerical Personnel. Here there are the two primary considerations. Paperwork should be mini¬ 
mized consistent with good operations and adequate control; the clerical staff should be designed to 
relieve supervision of routine paperwork that it can handle. 

The number of clerks used varies from 1 per 100 employees to 1 per 20 to 25 employees. These 
clerks can report at any level of the organization or can be centralized as proves expedient. 


MANPOWER REQUIREMENTS 


The number of employees—labor and supervision—to assure adequate plant maintenance coverage 
depends upon many factors. Each plant must be treated as a separate problem with a consideration 
of all its unique aspects. 


Hourly Personnel 

Ratio of Maintenance Manpower to Total Operation Personnel. This ratio is too often considered 
the measure of adequacy and relative efficiency of the department. In practice it will vary with the 
type of machinery and equipment expressed in terms of an investment figure per operating employee. 

To estimate the number of maintenance employees necessary to maintain a plant properly, an 
approach based on the estimated size of the maintenance bill and the percentage of this bill that will 
cover labor has proved more realistic. Experience factors, however, can be used in many industries 
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to estimate maintenance cost as a percentage of investment in machinery and equipment. Before 
building a plant, many companies determine the approximate rate of return on investment that can 
be expected. One factor to be considered here is maintenance cost. Generally, the annual cost of 
maintenance should run between 7 and 15 percent of the investment. Building maintenance should 
run between 1V 2 and 3 percent, per year. The cost of labor alone, exclusive of overhead, will run 
between 30 and 50 percent of the total maintenance bill. 

In addition, other duties of the maintenance department must be considered and extra manpower 
allowances made. This supplementary personnel can serve as a cushion for fluctuations in strictly 
maintenance work loads by adding 10 to 20 percent of the maintenance force estimated to be neces¬ 
sary under normal conditions. 

These criteria are only suited to a preliminary study. Actual manpower requirements must be con¬ 
trolled by a continuous review of work to be performed. Backlog-of-work records are a help here; 
and the trends of the backlog of each craft enable maintenance supervision to increase or reduce the 
number of employees to maintain the proper individual craft strength and total work force. 

Crafts That Should Be Included. The crafts and shops that should exist in any good maintenance 
operation are set by the nature of the activity and the amount of work involved. This means existence 
of a close relationship between plant size and the number of separate shops that can be justified. 

Another actor is the availability of adequately skilled contractors to perform various types of 
work. In some plants jacks-of-all-trades can be used with no special problem. Yet, in spite of the dif¬ 
ficulties inherent in recognizing craft lines in scheduling, there is a real advantage in larger plants to 
segregating skills and related equipment into shops. In general, however, it is difficult to justify a 
separate craft group with its own shop and supervision for less than 10 men. 


Supervision 


Supervision Density. The number of individuals per supervisor (supervision density) is an 
accepted measure for determining the number of first-line supervisors needed to handle a mainte¬ 
nance force adequately. Though densities as low as 8 and as high as 25 are sometimes encountered, 
12 to 14 seems to be the average. Where a large group of highly skilled men in one craft perform 
routine work, the ratio will be higher. If the work requires close supervision or is dispersed, a lower 
ratio becomes necessary. For shops with conventional crafts—millwrights, pipe-fitters, sheet-metal 
workers, carpenters—one foreman accompanied by some degree of centralized planning can direct 
the activities of 12 to 15 individuals of average skill. Supervision density should be such that the 
foreman is not burdened with on-the-job overseeing at the expense of planning, training workers, or 
maintaining the personal contacts that generate good morale. 

Cross-Craft Supervision. The use of first-line supervision to direct more than one craft should be 
considered carefully. If a small number of people are involved, this arrangement can be economically 
preferable. But, for the most effective use of specific craft skills, experience indicates that each 
should have its own supervision. 


SELECTION AND TRAINING 


Selection—Craft Personnel 

Normally, the union contract places sharp restrictions on the means by which applicants for mainte¬ 
nance craft training are selected. If there are no such restrictions, more definitive selection methods 
can be employed. When this is the case, bases for selection should be education, general intelligence, 
mechanical aptitude, and past experience. When it is possible, personnel with previous craft experience 
offer the easiest and most satisfactory method of staffing the maintenance engineering department, 
particularly when the cost of a formal training program cannot be economically justified. When, 
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however, you must draw on plant personnel, the factors cited above, plus the candidate’s age, should 
be considered. It is an unfortunate fact of life that it is easier to develop a craftsman from someone 
in the early twenties than someone who is over forty. 

Training—Craft Personnel 

This activity can be performed in two ways—formal instruction or informal on-the-job instruction. 

Formal Instruction. While this subject is covered in some depth later in this handbook, it has a 
place in this earlier area. Many formalized maintenance training programs are currently available, 
usually in packaged form. The most common is an apprentice training program that conforms to the 
National Apprenticeship System of the U.S. Department of Labor’s Bureau of Apprenticeships. 
Moreover it has the added advantage of acceptance by most unions. Graduates are presented with 
certificates and are considered to be fairly well equipped on a nationwide basis. But the administra¬ 
tion of such a system constitutes an expense which must be taken into consideration. 

Most other formalized training plans are those developed by major firms for their own use and 
then made available, at a fee, to others. Often these have an advantage over the federal plan since 
they can conform to peculiar plant needs. But they are usually even more expensive and lack the uni¬ 
versal recognition of the former. 

Informal Instruction. This consists primarily of spot exposure of personnel to intensive instruc¬ 
tion in some phase of plant activities. It takes the form of lectures, sound-slide films, movies, or trips 
to suppliers who may, with or without charge, provide instruction on their particular equipment. 
Usually these are directed more at developing advanced mechanical skills, however. 

On-the-job Training. This is the most prevalent method for training maintenance personnel. 
Although its short-range effectiveness is difficult to measure, many excellent craftsmen have 
acquired their skills in this way. Usually a new man is assigned to an experienced craftsman as a 
helper and learns by exposure to the job and from the instruction he receives from his appointed men¬ 
tor. The effectiveness is improved if the training is supplemented by routine rotation of the trainee 
among several knowledgeable craftsmen and is accompanied by personal interviews by the foreman 
to determine the degree of progress. 

Selection—Supervisory Personnel 

Only very general rules can be set out for selecting supervisory people for maintenance. For the first 
and second levels—that is, those directly in charge of craft personnel—prospective candidates 
should possess better than average mechanical comprehension and be capable of handling a number 
of diverse problems at one time. And while high craft skill is desirable, it should not be the sole basis 
of selection. In fact, there is more chance of developing a satisfactory foreman from an individual 
having all the traits except craft skill than of trying to develop these important abilities in a man with 
only craft training. 

Although there are advantages in selecting people entirely from among maintenance employees, 
others who display leadership potential should be considered. But too much importance attached to 
long years of experience and technical skill can result in poor selection of personnel. 

Serious consideration should be given to the temperament of technically trained individuals when 
choosing them for maintenance. For the best results, candidates should be slightly extroverted and 
prone to take the broader view of their own professional utilization. They should be able to temper 
professional perfectionism with expediency. Since effectiveness in maintenance depends greatly on 
the relationships that exist with other plant units, the technical man in this field must have some of 
the attributes of a salesman. 

If possible, aptitude testing and comprehensive interviews should be part of the selection process. 
The use of comprehensive interviews in the selection of all supervisory employees is of great value. 
This service can be obtained from professional sources or developed within an organization by training 
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key individuals. These interviews afford good basic information on the inherent personal character¬ 
istics of the candidate. 

Training—Supervisory Personnel 

This training consists of initial orientation; a formalized, sustained program of leadership training; 
and on-the-job coaching and consultation. 

Orientation gives the candidate basic data about the management team he is joining and about 
company and department policy. Included also are facts about the scope of his personal responsibil¬ 
ities and the limits of the authority delegated to him. 

Training ensuring continued effectiveness and improved performance should include such sub¬ 
jects as human relations, conducting of interviews, teaching methods, safety, and many more. Goals 
of this part of the program should head toward increasing the candidate’s effectiveness as supervi¬ 
sor, instilling a feeling of unity with fellow managers, and enhancing personal development. 

On-the-job coaching is especially important for the embryo supervisor. There is no substitute for 
frequent, informal, personal contact with a superior concerning current technical, personnel, or per¬ 
sonal problems. This type of development is a force for high morale and job satisfaction. It should 
include both praise and criticism, the former sincere, the latter constructive. Bear in mind that a cadre 
of highly capable and motivated supervisors will make overall maintenance management simpler, 
easier, and, in the long run, far more economical. 



